Endothermic mammals in cold environments have a range of adaptations enabling them to maintain a constant core body temperature. Of critical importance to many is a thick hair coat that retains air and so acts as a barrier to minimize heat exchange between the skin and ambient environment. Disruption to the pelage can increase costs of maintaining body temperature and compromise survival of the individual. Fur seals rely on a pelage of dense, dry underfur protected by guard hairs for insulation in the aquatic environment. Since 1989 a potentially serious alopecia (hair loss) syndrome has been recognized in Australian fur seals. Between September 2007 and February 2010 we investigated the prevalence and potential impacts of the condition. The syndrome manifests as bilaterally symmetrical alopecia, which occurs predominantly in juveniles and has a strong sex bias (51 of 55 juveniles captured for examination were female). It also occurs in adult females but has never been seen on postpubescent males. Prevalence of alopecia was highest at the large Lady Julia Percy Island colony (approximately 30,000 seals) in northwestern Bass Strait where it has a distinct seasonal pattern of prevalence, peaking in spring and summer with up to 50% of juvenile females affected. Thermal images indicated that alopecic and nonalopecic areas of the dorsal thorax had a mean difference of 6.6uC, and affected animals were in significantly (P , 0.001) poorer body condition than unaffected animals.
The maintenance of a core body temperature within a narrow range is essential for the survival of endothermic mammals and is particularly challenging for species inhabiting cold climates and those that move between terrestrial and aquatic environments, as water conducts heat 25 times more efficiently than air (Nadel 1984) . To maintain a constant core body temperature semiaquatic species generally need to reduce heat loss when in the water and also heat stress when on land. They achieve this through a range of physiological and behavioral adaptations. One means of temperature regulation among pinnipeds (Pinnipedia) is body hair. Seal hair grows in defined bundles, each consisting of a single, stiff, flattened guard hair with a variable number of finer, underfur hairs (Harrison and King 1980) . Phocid seals (Phocidae) and sea lions (Otariidae) have only 2-5 underfur hairs per bundle and rely on a thick layer of blubber to insulate the body core (Harrison and King 1980) . In contrast, fur seals (Otariidae) possess 35-40 underfur hairs per bundle (Scheffer 1962) . Heat loss by fur seals in the aquatic environment is primarily limited by this very dense hair coat (Pabst et al. 1999) . The dense underfur maintains trapped air while the animal is submerged, thereby keeping the skin dry and maintaining its insulating properties; guard hairs function to protect the skin and underfur from abrasion (Pabst et al. 1999) . Fur seals rely on their pelage for reducing the high thermoregulatory cost of maintaining a constant core temperature in the aquatic environment (Beauplet et al. 2003) , so its damage or loss would increase energy expenditure. The resulting energy demands on animals when the primary means of insulation is compromised could have a significant impact on the health and survival of affected individuals.
Abnormalities of the hair coat of captive and free-ranging pinnipeds have been associated with viral, bacterial, fungal, and parasitic agents (Dailey 2001; Dunn et al. 2001) . Infections with poxviruses, for example, typically produce crusting, cutaneous lesions (Hadlow et al. 1980; Nettleton et al. 1995; Simpson et al. 1994; Stack et al. 1993) , and calicivirus-associated disease usually produces skin vesicles and superficial ulceration, characteristically of the flippers (Smith and Boyt 1990; Stack et al. 1993 ). Both of these viruses occasionally occur as epidemics in free-ranging populations (Simpson et al. 1994; Smith and Boyt 1990) . Bacterial infections of marine mammal skin often manifest as cutaneous or subcutaneous abscesses and are usually sporadic, secondary to viral, parasitic, or traumatic insult (Dunn et al. 2001) . Similarly, fungal skin infections in pinnipeds appear to be sporadic events associated with animals that are compromised by predisposing illness or suboptimal captive environments (Guillot et al. 1998; Montali et al. 1981) . External parasites such as lice or mites commonly infect seals but are not reported to cause a high prevalence of hair loss in freeranging populations (Dailey 2001; Dailey and Nutting 1980; Thompson et al. 1998) .
A syndrome characterized by patchy hair loss, distributed irregularly over the body, was evident in Northern fur seals (Callorhinus ursinus) collected for the skin trade between 1940 and 1959 on the Pribilof Islands of Alaska (Scheffer 1962) and still is noted occasionally in this population (J. Gibbens, University of British Colombia, pers. comm.), although never seen at a high prevalence. Occasional cases are evident in all age classes and both sexes. In Antarctic fur seals (Arctocephalus gazella) a condition of similar appearance was seen occasionally in adult females during the 1960s, most frequently on the rump or crown of the head but, in severe cases, covering nearly the entire dorsal surface of the animal (Bonner 1968) . This condition, referred to as ''rub,'' also had been seen frequently by a company involved in the Cape fur seal (A. pusillus pusillus) skin trade (Bonner 1968) . Juvenile and subadult, free-ranging, northern elephant seals (Mirounga angustirostris) also exhibit a skin condition characterized by patchy to extensive alopecia (Beckmen et al. 1997) . One rehabilitation center treated 207 Northern elephant seals with the condition between 1984 and 1992, but the prevalence of the disease in the free-ranging populations of this species is unknown (Beckmen et al. 1997) .
The Australian fur seal (A. p. doriferus) is an Australian endemic otariid. It breeds mainly on small islands within Bass Strait ( Fig. 1 ) and forages almost exclusively over the continental shelf waters of southeastern Australia (Kirkwood et al. 2010; Warneke and Shaughnessy 1985) . Between foraging trips, which last 5-7 days on average, individuals come ashore for approximately 2 days, either at the colony or at another site closer to where they are foraging (Arnould and Hindell 2001; Kirkwood et al. 2006) . Sites distant from breeding colonies are used most frequently by postpubescent males and juveniles and occasionally by adult females (Arnould and Kirkwood 2008; Kirkwood et al. 2006 ). Thus, individuals of all ages attend the breeding colonies year round. During the November to December pupping and breeding season adults can remain ashore for extended periods (females for up to 10 days and males for 50 days-Arnould and Hindell 2001, Kirkwood et al. 2006) . Australian fur seals molt annually over a 2-3-month period during the austral summer and autumn. The timing of molt varies between age classes, usually beginning in January in adult females (.3 years) and February and March in juveniles and adult males (Warneke and Shaughnessy 1985) . As in other mammals, the coordination of the molt is controlled primarily by photoperiod, although factors such as temperature and nutritional status also likely are influential (Ling 1970) . Australian fur seals forage throughout the period of molt as the gradual nature of their molt allows their pelage to maintain its water-repellent properties.
We describe a distinctive syndrome of bilaterally symmetrical alopecia that has been observed in Australian fur seals. The condition varies in its severity and most commonly is noted as a loss of guard hair and thinning of underfur over the dorsal thoracic region. In severe cases the area of guard hair loss extends over most of the back, and underfur is completely lost in focal areas over the thorax. Exposed skin in these areas often ulcerates. The condition was first recognized in 1989 at Reid Rocks (D. Pemberton, Primary Industries, Parks, Water and Environment, Tasmania, pers. comm.), a breeding colony in southwestern Bass Strait with an estimated population size of 4,700 individuals (Kirkwood et al. 2010 approximately 30,000 seals (Kirkwood et al. 2010 ). This colony and another at Seal Rocks in northern Bass Strait account for .50% of the total Australian fur seal population of 120,000 individuals (Kirkwood et al. 2010) .
The severity of alopecia in some seals signaled that this condition might result in compromised health and survival of affected individuals. Furthermore, the observation of many affected seals at Lady Julia Percy Island meant that if alopecia has a detrimental impact on the individual, it could have the potential to regulate seal numbers at the population level. Therefore the aims of the present study were to describe the clinical appearance of the syndrome, determine its prevalence among the different age/sex classes in the population, assess its spatial and temporal variations in prevalence, and investigate its significance in relation to thermoregulatory compromise of affected animals.
MATERIALS AND METHODS
Case description and prevalence.-During the period September 2007 to February 2010 observations of alopecic Australian fur seals were made at Lady Julia Percy Island during multiday visits (11 visits). The proportions and age classes of animals with alopecia were determined every 3-4 months at this site from April 2008 and opportunistically during the study at Kanowna Island (5 visits) and Seal Rocks (2 visits). Kanowna Island is the third largest breeding colony of Australian fur seals, with an estimated population of 15,000 individuals (Kirkwood et al. 2010) . To estimate the prevalence of affected animals we counted alopecic and nonalopecic seals on a minimum of 3 consecutive days. Except in inclement weather conditions, all counts were performed within 3 h of sunrise, as more seals tend to be ashore in the cooler periods of the day. On each count an observer aided by binoculars maintained a vantage point above and lateral to the seals and noted only individuals whose dorsal surface was clearly visible. On each day 3 replicate counts were made of each age class: adult males, adult females, and juveniles (for which sex could not be distinguished from a distance). Subadult males, showing secondary sexual characteristics such as early mane development but not yet at adult size, were included in the adult male age class, as they were obviously pubescent. In each affected animal the site(s) of alopecia was recorded and its severity graded. Mild cases had an estimated ,5-cm area of hair loss on the head or thorax, moderate cases had approximate loss of between 5 and 15 cm, and severe cases had an alopecic patch that was .15 cm in diameter .
Clinical examination and sampling.-At Lady Julia Percy Island affected (case) and unaffected (control) animals were captured (n 5 117) for examination and diagnostic sampling for a concurrent study into the cause of the syndrome. All methods pertaining to live animal handling were conducted in accordance with the guidelines of the American Society of Mammalogists (Gannon et al. 2007 ) and received approval from the Deakin University Animal Welfare Committee. Cases were captured as they were encountered in an area of the colony suitable for field operations. We aimed to pair cases with controls, so control animals were sampled on each trip to be in a 1:1 ratio with cases by age class and gender. Animals were captured with a hoop net (Research Nets Inc., Redmond, Washington, and Fuhrman Diversified Inc., Seabrook, Texas), a face mask placed over the nose and mouth, and anesthesia induced by 5% isoflurane (100% vol/vol ForthaneH, Abbott Australia Pty, Ltd., Botany, Australia) delivered by a closed anesthetic circuit (Stinger, Advanced Anaesthesia Specialists, North Ryde, Australia). When a sufficient depth of anesthesia had been achieved, an endotracheal tube was introduced to the airway, and animals were maintained on a concentration of 1.5-2% isoflurane.
While anesthetized, the sex of each seal was confirmed by examination of the perineal region, and its body mass, nosetail tip length, and greatest girth were measured and recorded. A simple body condition index (BCI) was derived by dividing mass (kg) by length (m). This index is correlated positively with total body lipid in pinnipeds (Arnould 1995) . Animals were classed as juveniles if they were estimated to be .1 year of age on the basis of the presence of an erupted permanent canine tooth, and ,3 years of age on the basis of their body size, the absence of a palpable pregnancy, and not lactating (Warneke and Shaughnessy 1985) . We were unable to establish pregnancy status during the January and April field operations, as diagnosis by palpation relies on detection of a substantially sized fetus. Therefore a small number of animals classed as large juveniles might have been young adult females that were in early pregnancy from the NovemberDecember breeding season.
Diagnostic samples included the hair plucks (trichograms) collected from the dorsal thorax and rump of each seal with the aim that each trichogram had at least 20 guard hairs for examination. The hair bundle was laid on clear adhesive tape, attached to a glass slide, and examined by light microscopy. For each sample the root of the hairs was classified as anagen (growing phase), telogen (resting phase), or no root (unable to classify as the root was not collected with the pluck). The tips of hairs were classified as tapered, frayed, or fractured.
The extent of the alopecia on each seal was recorded by diagram and digital photography, and the seals were fitted with individually numbered tags (SuperflexitagH, Dalton Pty Ltd, Oxfordshire, United Kingdom) to the webbing of both fore-flippers. The tags facilitated resighting of the individuals, which enabled the progress of the alopecia to be monitored. Most resight data were collected on Lady Julia Percy Island, but high-resolution photographs (enabling tags to be read) were taken of some animals at Cape Bridgewater, a small breeding colony located on the Australian mainland 50 km west of Lady Julia Percy Island (V. Antony, Cape Bridgewater Seal Tours, pers. comm.).
To investigate the potential impact of alopecia on thermal flux across the skin, digital thermal images of the dorsal surfaces of immobilized seals were collected using a ThermaCAMH E320 camera equipped with a 35-mm lens (Flir Systems Pty Ltd, Notting Hill, Australia). The camera was set at an emissivity level of 0.98, which assumes that 98% of the energy received by the camera is emitted by the body and 2% is reflected energy. Emissivity for the fur of a range of mammals typically varies between 0.98 and 1.0 (Hammel 1956 ). Body temperature measurements were taken at the same time as the thermal images to establish if surface and core body temperatures were related. The body temperature was measured by a digital thermometer (RS 206-3722, RS Components, Northants, United Kingdom) with the thermocouple inserted rectally to a distance of approximately 15 cm. Blackbody and shaded ambient temperatures also were measured by digital thermometer concurrent with the thermal imagery; a blackbody, assumed to have an emissivity of 1 (i.e., close to that of hair), was constructed by placing the thermocouple tip inside a matt-black ping-pong ball. This device was laid on the back of the animal to provide a measure of the solar radiation being experienced by the seal (Hammel 1956) .
As surface temperatures of heavily furred mammals are highly affected by solar heating (McCafferty 2007; McCafferty et al. 2005) , animals were shaded before thermal imaging. Shading was not applied if ambient and blackbody temperatures varied by ,2uC, because the effect of solar radiation on surface temperatures would be minimal. The thermographs were analyzed using ThermaCAM Quickview software (Flir Systems Pty Ltd), which applies a rainbow color scheme to distinguish temperature differences and allows point temperatures to be measured. Surface temperatures of the thorax, rump, and fore-flippers of each seal were measured, and in case animals both the temperatures of the lesion center (worst affected area) and unaffected thorax were recorded.
Statistical analysis.-Statistical analyses were performed using the software program PASW Statistics 18 (SPSS Inc, Chicago, Illinois). Kolmogorov-Smirnov tests were applied to check if data were normally distributed, and P . 0.05 was used to indicate normality. The chi-square test for goodness of fit was used to determine if the proportion of cases captured varied from the expected 1:1 sex ratio. Surface temperatures of affected and unaffected thorax and flipper were compared using paired t-tests. In addition the linear relationship between surface body temperature and ambient temperature was investigated using Pearson product-moment correlation coefficient (r). Paired t-tests were used to compare the BCI of cases and controls that were matched on age class and sex. Allocation to each matching pair within a defined age class and sex was based on the order in which the animals were captured. Seals captured during the study were allotted a season-year classification and a case or control classification. The interaction between these categorical variables and their respective influence on BCI was explored using a 2-way analysis of variance. Each animal was sampled only once for the purposes of this analysis, and data were checked for normality (Kolmogorov-Smirnov tests) and homogeneity of variances (Levene's test for equality of error variances).
RESULTS
Case description, clinical progression, and seasonal prevalence.-All 406 alopecic animals observed were either juveniles (1-3 years old) or adult females. Alopecia was never seen in adult or subadult males or pups (,1 year old). The alopecia syndrome was always noted as a bilaterally symmetrical condition. In juveniles the dorsal thoracic region was always affected, and in more severe cases alopecia extended over the back and occasionally the head and neck. In adult females the head or neck or both primarily were affected, and occasionally the thorax. Juveniles more frequently exhibited severe alopecia than did adult females (Table 1) .
A total of 59 randomly selected case animals was captured for diagnostic sampling, 55 juveniles and 4 adult females. Of the 55 juveniles, 51 were female and 4 were male, indicating a significant female bias (x 2 1 5 40.16, P , 0.0001). Fifty-eight control animals were sampled, 52 juveniles (39 female and 13 male) and 6 adult females. The overrepresentation of juvenile males resulted because of an inability at times to encounter control juvenile females.
Thirty-one tagged animals (15 cases and 16 controls) were resighted on subsequent trips, and 3 resighted animals were recaptured ( Table 2) . Five of the resighted animals (3 cases and 2 controls) were observed at Cape Bridgewater, and the remaining resights were at Lady Julia Percy Island. The size of the alopecic area in affected animals increased within an intermolt period (8 case resights), and case animals still had alopecia after a subsequent molt (5 case resights; Table 2 ).
Commonly, affected animals captured during the molt period had obvious regrowth of guard hairs in the center of affected areas (Fig. 2d) . Hair was confirmed as new growth if trichograms showed anagen-phase roots and .90% tapered tips. In each individual with suspected regrowth a trichogram also was prepared from the edges of the lesion. In all cases trichograms from these areas showed .90% telogen roots and .90% frayed or fractured tips, indicating that the hair samples from the two regions were of different ages. Some individuals, captured in the austral autumn and winter after completion of their molt, had new hair covering all of the presumed previously alopecic area. However, this hair was distinctly darker, shorter, and finer than the surrounding, silver-tipped hair that is typical for the pelage for a few months after the molt (Fig. 2e) . Two animals with this distinctive hair coat pattern subsequently were resighted in the same intermolt period with alopecia, suggesting that the molt does not cure the condition. Three control animals, in addition to the individuals listed in Table 2 , subsequently were resighted or recaptured as cases. One of these individuals had been tagged immediately after its molt (in autumn), so it could have been an affected animal with new hair growth masking pre-existing alopecia. It was resighted the following summer with moderate alopecia. The 2 other unaffected animals, captured in the austral winter and spring, respectively, were resighted 15-18 months later (in summer) with alopecia, demonstrating that juveniles can be unaffected in one year and then become affected in a subsequent year. Only one tagged case animal was resighted with a complete hair coat but this occurred during autumn and the individual had a newly molted coat. It is unknown whether this individual developed alopecia after the molt.
Six juvenile cases and 1 juvenile control exhibited an ulcerative condition of the skin of the ventral mandibular symphysis (chin), suggestive of excessive rubbing to this area. In the more severe cases the lower lip was completely eroded and the surface of the exposed mandibular bone abraded.
In both juveniles and adult females on Lady Julia Percy Island the alopecic syndrome manifested a distinct and repeated seasonal pattern of prevalence (Fig. 3) . In both groups the prevalence was lowest (,5% in juveniles, ,1% in females) in the austral autumn and highest during spring (.20% in juveniles, ,5% in females). Concurrent estimates at Kanowna Island and Seal Rocks typically recorded a low prevalence of alopecia in both juveniles and adult females (Table 3 ). The highest prevalence recorded at Kanowna Island was 1.3% of juveniles in February 2009, and at Seal Rocks the highest prevalence was 2.9% of juveniles in September 2009.
Thermoregulatory and energetic impacts.-Thermal images were collected from 84 (42 cases and 42 controls) of the 117 seals captured. Data plots revealed the relationships between body surface temperatures (unaffected thorax, alopecic lesion, and flipper) and ambient temperature to be curvilinear, so log transformations were applied to the data. The highest coefficients of determination (r 2 ) were derived from logtransformed ambient temperatures against untransformed temperatures from thorax, lesion, and flipper. In grouped case and control animals surface temperature of normally furred thorax and flipper were correlated positively with ambient temperature (r 5 0.73, n 5 56, P , 0.0001 and r 5 0.69, n 5 56, P , 0.0001, respectively), suggesting that blood flow to both the trunk and flippers changes with temperature. In moderately and severely alopecic animals areas of hair loss were significantly warmer than unaffected furred areas (t 16 5 8.58, P , 0.0001; Fig. 2f ). The mean (6 SE) difference was 6.6 6 0.8uC. In animals classed as mildly affected cases no temperature difference (1.5 6 1.1uC) between the affected area and surrounding fur was found (t 13 5 1.31, P5 0.212). Although mean flipper temperature also was significantly warmer than normally furred areas (t 56 5 14.96, P , 0.0001), in animals with moderate and severe alopecia no difference was found between the temperature of the lesion and flipper skin (t 16 5 0.65, P . 0.52; Fig. 4) .
In a matched-pair comparison within juvenile females the mean BCI of cases was significantly lower than that of controls (t 36 5 23.51, P , 0.001). In addition to whether the animal was a case or control (case classification), mean BCI values also were influenced by the season and year (season year) when the animal was sampled (case classification, F 1,69 5 8.32, P , 0.001; season year, F 9,69 5 3.57, P , 0.005; Fig. 5 ). Animals appeared to show a repeated seasonal variation in BCI over the study period, with body condition being lowest in autumn, coinciding with the molt period and lowest in the second year (2009) of the study.
DISCUSSION
A syndrome of alopecia that appears to be prevalent in Australian fur seals is described here for the first time. Its features are unlike any previously published skin or hair abnormalities in pinnipeds in that it exhibits a distinctive bilaterally symmetrical pattern of distribution on affected animals and a significant bias toward juvenile females. Resight data demonstrate that the condition in affected individuals is progressive in severity between molt cycles. Although some affected individuals grow new guard hair during the molt period, this does not appear to be curative. The condition has been noted occasionally in Australian fur seals since 1989 and could have had a marked increase in prevalence within the last 10 years. Its highest prevalence is at Lady Julia Percy Island in northwestern Bass Strait. Whether the condition was present in Australian fur seals before 1989 is unknown. No cases were documented by sealers when they harvested Australian fur seals between 1798 and 1923, but this simply might reflect deficiencies in existing records from this enterprise. Of particular interest is that during the 1960s, 1970s, and 1980s a researcher visited Seal Rocks approximately 4 times per year and Lady Julia Percy Island on several occasions (principally in summer) and made extensive recorded observations on the seals without noting alopecia cases (R. Warneke, Fisheries and Wildlife, Victoria, pers. comm.) .
A hair-loss condition in the closely related Cape fur seal was noted in the 1950s (Bonner 1968) , and a single case was reported recently (2010) at the docks in Cape Town (D. Koetze, Marine and Coastal Management, pers. comm.). However, the pattern of the recently sighted hair-loss case was not distinctively bilaterally symmetrical, and it was observed in a subadult male. No systematic observations of alopecia have been made in Cape fur seals. In southeastern Australia no instances of bilaterally symmetrical alopecia have been noted in New Zealand fur seals (A. forsteri), which occur in sympatry with the Australian fur seals (Kirkwood et al. 2009 ). Australian sea lions (Neophoca cinerea) in early molt can sometimes have hair color changes in the dorsal thoracic region that mimic the appearance of alopecic Australian fur seals, but these areas have no guard hair loss (S. Goldsworthy, South Australian Research and Development Institute, pers. comm.). To our knowledge the alopecia syndrome reported here is unique to Australian fur seals.
A function of guard hair in fur seals is to protect the underfur that acts as the main insulating layer by the retention of air between fine fibers that are present in high density (Pabst et al. 1999) . Loss of guard hair exposes the underfur to greater abrasive trauma from the environment, leading to disruption and damage. Thinning and curling of the underfur was evident on animals with moderate and severe alopecia, and thermographs from these cases revealed that more heat was emitted from alopecic areas than from normally furred areas of the body.
Phocid seals can regulate blood flow to the skin of their trunk by opening (to shed heat) and closing (to contain heat) arteriovenous anastomoses (AVAs- Bryden and Molyneux 1978; Kvadsheim and Folkow 1997; Mauck et al. 2003) . In fur seals the insulating property of their dense hair coat limits the ability of the fur seals to use AVAs to dissipate significant heat from the trunk, and so this area has a relatively low density of AVAs compared with the flippers (Bryden and Molyneux 1978) . However, it appears that even in otariids the skin can be used as a thermoregulatory organ, as skin temperature of Antarctic fur seals was found to be highly labile during diving activities in 2 of 3 animals (Boyd 2000) . This suggests that the skin can be used to off-load excessive heat generated by the work done during the diving descent phase. In Australian fur seals heat loss from both normally furred and alopecic areas did vary with ambient temperature, suggesting that blood flow to the trunk skin can be altered to some degree depending on whether the individual needs to conserve or off-load heat. It appears, however, that the degree to which Australian fur seals can regulate heat loss through alopecic areas is limited, as large temperature differentials were noted between affected regions and flippers. This was particularly apparent in cold ambient temperatures where alopecic areas were significantly warmer than flipper surface temperature. It is likely that the anatomical limitations of a low skin AVA density combined with the greater heatconducting properties of water would result in increased thermoregulatory costs for affected seals when they are immersed.
The molt period in juvenile Australian fur seals starts in mid-February (late summer) and in most animals is completed within 2-3 months (Warneke and Shaughnessy 1985) . The BCI of juvenile females showed a distinct seasonal pattern, with lowest values each austral autumn, which is consistent with the substantial energy cost associated with the premolt and molt periods (Boily 1996; Ling 1970) . Alopecic juveniles had a lower mean BCI compared with unaffected juveniles, which could be a result of their increased energy costs for thermoregulation. BCI is correlated with total body lipids (Arnould 1995) , and fur seals use fat metabolism as a strategy to provide energy for thermoregulation (Rutishauser et al. 2004) . If the demand for energy for thermoregulation exceeds an animal's energy intake through foraging, a downward spiral of reduced body condition can lead to death (Rosen et al. 2007; Rutishauser et al. 2004) . Whether alopecic seals have a higher mortality rate than unaffected animals is unknown. A drop in prevalence of affected juveniles occurred each year between the spring and summer estimates, and during this same period the prevalence of affected adult females rose. These fluctuations in prevalence could be due simply to the annual austral summer influx of unaffected yearling pups into the ranks of juveniles and the movement of juveniles into the adult age class. It is possible, however, that a contribution to the reduction in prevalence of alopecic juveniles observed results from an increased mortality of affected animals during this period, particularly those with substantial amounts of hair loss. The energy demands of the initial stages of the annual molt, which starts during this period, would be expected to add additional physiological stress to affected animals.
The alopecia syndrome affects a large number of female Australian fur seals on Lady Julia Percy Island. Assuming a sex ratio in juveniles close to 1:1, approximately 50% of juvenile females at Lady Julia Percy Island develop alopecia. The juvenile demographic represents approximately 35% of the Australian fur seal population (Gibbens and Arnould 2009) , and therefore up to 2,500 juvenile females from Lady Julia Percy Island can be affected by alopecia at a given time. The impact of this alopecia syndrome on the Australian fur seal population, however, remains unknown, and mortality events involving substantial numbers of alopecic seals have not been observed. Given that the syndrome is likely to increase thermoregulatory energy costs, it is possible that alopecia is a risk factor for premature mortality and therefore might be acting as a significant factor to regulate population size at Lady Julia Percy Island. Survivorship studies are yet to be performed on the Lady Julia Percy Island population, but in a study conducted between 2003 and 2005 at Kanowna Island the annual mortality rate of juvenile Australian fur seals was approximately 20%, representing over 1,000 individuals (Gibbens and Arnould 2009) . During the study period Lady Julia Percy Island was visited for only 5 days each 3 months, and if juvenile mortality patterns were not tightly temporally clustered, it would have been difficult to detect deaths in alopecic seals by direct observation, even if they occurred in substantial numbers. In addition, some seals would be expected to die at sea, and the exposed environment on Lady Julia Percy Island results in rapid disintegration of bodies on shore, meaning that much mortality might go unnoticed.
The distinctive features of the alopecia syndrome are its bilaterally symmetrical nature, the female sex bias, and its high prevalence on Lady Julia Percy Island. The pathology and cause of this syndrome is the subject of ongoing investigations that aim to define the mechanism and pathogenesis of hair loss and investigate potential environmental causal factors. The possible relationship of jaw ulceration-seen in a small number of cases-to the alopecia syndrome is unknown. Jaw lesions could indicate that those individuals were pruritic (itchy), but behaviors in alopecic seals that would indicate that hair was rubbed were noted only on a few occasions. Bilaterally symmetrical hair loss often is associated with endocrine disturbances in humans and domestic animals (Frank et al. 2003; Greco 2007; Shapiro 2007) , and toxicological agents can affect hormonal pathways involved in the hair growth cycle (Hall et al. 2003) . A similar clinical picture, however, could be produced occasionally by the influence of nutritional factors or disease agents on the skin and hair follicles, and so these etiologies also warrant investigation.
The alopecia syndrome appears to be most prevalent at Lady Julia Percy Island, common at sites within a few hundred kilometers, i.e., Cape Bridgewater and Reid Rocks, rare at Kanowna Island and Seal Rocks, which are .300 km distant, and unreported at The Skerries, which is .1,000 km distant (although observational data from this site is scant). Genetic studies suggest that Australian fur seals represent a panmictic population, with gene flow between colonies influenced by migrations of both males and females. Also, it is common for Australian fur seals on foraging trips to rest at sites other than their natal colony (Arnould and Kirkwood 2008) . Hence, alopecic seals sighted elsewhere might have come from Lady Julia Percy Island. It appears that as yet unknown factors associated with Lady Julia Percy Island, or within northwestern Bass Strait, are important in the expression of this condition, and causal investigations should be focused on this colony and its surroundings.
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